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EXECUTIVE SUMMARY

The California State Lands Commission (CSLC) is evaluating removal options for shell
mounds at the sites of four previously decommissioned offshore oil and gas platforms -
Hilda, Hazel, Hope, and Heidi (i.e., the 4H Platforms) - in the Santa Barbara Channel.
Previous testing has shown that concentrations of several chemical contaminants, such
as metals and petroleum and chlorinated hydrocarbons, were elevated in the shell
mound sediments. Therefore, an important consideration for evaluating the final
disposition of the shell mounds is whether and to what extent contaminants are leaching
from the shell mounds to overlying waters and the long-term risks to water quality and
biological resources. A separate issue related to other possible removal options
(spreading in-place or knock-down) is the similarity of the physical (sediment texture)
and chemical characteristics of the mound materials to those of bottom sediments in
areas adjacent to the mounds. This report presents the results and findings of a water
quality study, using caged mussels (i.e., in situ field bioassay) and semipermeable
membrane devices (SPMD), at the shell mounds and appropriate reference sites that
will be used to evaluate these removal options. This study also included analyses of
surficial sediment quality in the vicinity of the shell mounds to evaluate the similarities in
the chemical and physical characteristics of the adjacent bottom sediments with those
of the shell mound materials. The study was conducted during February through April
2003. Key findings are described below.

CAGED MUSSEL STUDIES

Caged mussels are a useful sampling tool for characterizing water quality conditions
because they filter chemical contaminants from water and concentrate the contaminants
in their tissues to levels that are considerably higher than those in seawater. This
improves analytical accuracy and the ability to detect small differences in water quality
conditions. Additionally, measurements of contaminant levels in mussel tissues reflect
exposure conditions over a period of several weeks, which are considered more
representative of water quality conditions than those associated with a single grab
sample of seawater. Twenty mussel samples were deployed for a period of 57-58 days
at the shell mound and reference sites during February through April, and seventeen of
the twenty moorings were recovered. Mussel survival was greater than 90% at all sites,
and there were no significant differences in survival rates between the shell mounds
and corresponding reference sites. All of the shell mound and reference site mussel
samples exhibited significant growth, as indicated by increases in shell length, whole
animal and soft tissue mass, and tissue lipid content. In some cases, growth metrics for
the shell mound mussel samples were significantly higher than those for the reference
sites.

Mussel tissues from the shell mounds, reference sites, and beginning-of-test samples
were analyzed for metals, chlorinated pesticides, polychlorinated biphenyls (PCBs), and
polycyclic aromatic hydrocarbons (PAHs). Statistical analyses of the concentration data
did not indicate any significant differences between samples from the shell mound sites
and corresponding reference sites for any of the chemical analytes. Therefore, the
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results demonstrated that contaminant exposures at the 4H shell mounds, expressed as
bioaccumulation in mussel tissues, were not significantly different from those at
reference sites. Significant differences between contaminant concentrations in the
beginning-of-test mussel samples (i.e., representing the conditions of mussels prior to
exposures at either the shell mound or reference sites) with those from the shell mound
and reference sites were observed for some metals and organic contaminant classes.
In particular, concentrations of several metals were lower, and some organic
contaminant classes were higher, in the beginning-of-test mussel samples than in the
shell mound and reference site samples. These differences were attributable to
regional patterns in water quality conditions, greater exposures to bottom sediment-
associated metals at the shell mound and reference sites than at the collection site
(Platform Emmy off Huntington Beach, CA), and elevated metal concentrations in
bottom waters following one or more regional upwelling events.

SPMD STUDIES

SPMDs are porous, plastic bags filled with a lipid material that removes certain classes
of organic contaminants from the dissolved phase (i.e., not associated with suspended
particles) of seawater. They are used as a sampling tool to characterize the relative
levels of organic contaminants in waters at the shell mounds and reference sites.
Laboratory contamination of the SPMD samples with PAHs and chlorinated pesticides
compromised the reliability of these results. SPMD samples from the shell mound and
reference sites contained concentrations and relative proportions of PAHs and
chlorinated pesticides that were comparable to those measured in the dialysis blanks
prepared in the laboratory during extraction of the samples. Consequently, the
presence of these contaminants in the SPMD samples appeared to be primarily or
entirely related to contamination from sample handling and not from exposure
conditions. In contrast with the pesticide and PAH data, PCBs were not detected in any
of the SPMD samples or the dialysis blank. Consequently, these results were
considered reliable, and indicated that bottom waters at the shell mound sites did not
contain significant amounts of dissolved PCBs.

SURFACE SEDIMENT CHARACTERIZATIONS

Characterizations of sediment quality were performed to evaluate whether the shell
mound materials are being dispersed or spreading to adjacent areas of the seafloor.
Analyses of sediments near the shell mounds indicated elevated barium concentrations
in selected sediment samples, which is a strong indicator of drilling wastes. However,
the barium concentrations did not exhibit clear spatial gradients with distance from the
shell mounds. Instead, the highest barium concentrations occurred at varying distances
and directions at different mound sites. These non-uniform patterns suggested that the
distributions of drilling waste solids near the shell mounds may have been related to
individual events, such as platform removal, vessel/ barge anchoring, and/or fish
trawling that resulted in physical disturbances and displaced solids (e.qg., cuttings) from
the mounds, whereas it does not appear that local currents are dispersing shell mound
materials. Regardless, the presence of shell mound solids contributed to the present
heterogeneity of sediment quality conditions near each of the shell mounds. Other
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sediment quality characteristics, including grain size, total organic carbon, and
concentrations of most metal and organic contaminants, in surface sediments near the
shell mounds were comparable to those of the reference sites and other adjacent
locations within this portion of the Santa Barbara Channel.

CURRENT AND WATER TEMPERATURE MEASUREMENTS

Current speed and direction were measured to provide information on water movement
and possible transport directions for any materials leaching from the shell mounds.
Currents measured near the shallow and deep shell mounds during the mussel/SPMD
deployment period exhibited a predominant upcoast flow, and at directions parallel with
the local orientation of the coast. Maximum current velocities were less than one-half
knot (nautical mile per hour). Bottom water temperatures varied during the deployment
period in response to storm events and oceanographic conditions. On at least two
occasions, bottom water temperatures decreased rapidly, and likely reflected regional
upwelling events. Nevertheless, water temperatures at the shell mounds were similar to
those at the corresponding reference sites and, thus, were not expected to contribute to
any spatial differences in mussel growth or survival which might otherwise affect the
mussel tissue contaminant results.

While previous testing of sediment cores showed high concentrations of several
chemical contaminants, such as metals, petroleum hydrocarbons, and PCBs, in the
shell mounds, results from the mussel bioassays demonstrated that these contaminants
were not being released in measurable amounts into overlying waters. These results
are consistent with the presence of some contaminant classes that typically are
susceptible to degradation, such as volatile aromatic hydrocarbons, in the middle strata
of the mounds. Because these aromatic compounds have weak affinities for particles,
and readily dissolve in water, it is unlikely that they would have persisted for more than
30 years in the shell mounds if active exchange with overlying waters is occurring.
Instead, soluble compounds as well as other contaminants with stronger affinities for
particles have persisted in the shell mounds for several decades, and it does not appear
that the contaminants are leaching from the shell mounds during normal or severe
storm conditions.
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